Simulation results, obtained by means of application of an enthalpy based pyrolysis model, are presented. The ultimate focus concerns the potential of the model to be used in flame spread simulations. As an example we discuss vertically upward flame spread over a charring material in a parallel plate configuration. Firstly, the quality of the pyrolysis model is illustrated by means of cone calorimeter results for square (9.8 cm x 9.8 cm The simulation results are compared to experimental data, indicating that, provided that a correct flame height and corresponding heat flux are applied as boundary conditions, flame spread can be predicted accordingly, using the present pyrolysis model.
Introduction
In part I [1], the outcome of an experimental campaign was reported. In the present paper, we apply a simple pyrolysis and evaporation model, based on enthalpy [2] , to the same configurations.
Firstly, we discuss the one-dimensional cone calorimeter configurations.
Afterwards, vertically upward flame spread in a parallel plate configuration is considered.
By no means, it is our intention to introduce a (semi-empirical) flame spread model, to be used for other configurations than the specific one considered here. The only objective is to illustrate that the developed pyrolysis model is ready-to-use for such configurations and that reasonably accurate results can be obtained, provided an appropriate value for incoming heat flux onto the solid material is provided. This heat flux could stem from CFD (Computational Fluid Dynamics) in the gas phase, where the turbulent combustion is simulated. However, we do not use CFD in the present paper, as uncertainties in CFD would distract the attention from our objective as mentioned. Rather, we use experimental data [1] to estimate the heat fluxes that serve as boundary conditions for the simulations. In this sense, the set-up is somehow a sophism, but this suffices for the sake of the present paper, as explained above. The major advantage is that the strong sensitivity of flame heat fluxes to e.g. fuel sootiness [3, 4] is avoided. To summarise, expressions as developed in [3] for a similar set-up as the one under study in the present paper, are not applied here, but the present paper is not intended to provide an alternative for such relationships.
Numerical simulations set-up

Model description
In [2, 5] , the model, along with the solution procedure, is extensively described and applied to some basic configurations. The reader is referred to those references for all details. We only recall here that the model relies on a fixed computational mesh, which can be relatively coarse. On this mesh, the energy equation is solved numerically.
Pyrolysis (and evaporation) is modelled as an infinitely fast irreversible process, taking place at an infinitely thin front at 'pyrolysis' (resp. 'evaporation') temperature. Thus, fronts are moving through the solid material. As the evaporation front passes, wet virgin material becomes dry virgin material. As the pyrolysis front passes, dry material becomes char. In the present simulations, the water vapour and pyrolysis gases are assumed to leave the solid instantaneously. They are in thermal equilibrium with the solid. More advanced pyrolysis modelling (e.g. [6] ) is possible, but this is beyond the scope of the present paper.
Cone calorimeter set-up
We first discuss the results for the cone calorimeter set-up of [1]. We consider one- was reported for the experiments in [7] on pine samples. The radiation loss from the front surface to the surroundings is also explicitly considered.
For the convective boundary condition at the front surface, the ambient temperature is set to the initial room temperature (T amb = 300 K) until pyrolysis takes place. From then on, until the end of pyrolysis, the surface is assumed to see flames, rather than air at approximately ambient temperature. We model this effect by setting the heat exchange temperature for convection at the surface equal to T flame = 700 The back surface is perfectly insulated and impervious to volatiles.
The boundary conditions at the exposed front surface are summarised as follows: -prior to pyrolysis (0 < t < t start ):
-during pyrolysis (t start < t < t end ):
-immediately after pyrolysis (t end < t < t end + 180s): 
The (natural) convection coefficient is set to h = 10 W/(m 2 K). The emissivity is set equal to  = 0.9. The back surface of the plate is assumed perfectly insulated and impervious.
The front surface boundary conditions are summarised as follows:
-prior to pyrolysis (0 < t < t start ):
: . 
-after onset of pyrolysis (t > t start ):
: .
The burner flames heat flux is modelled as a constant heat flux The ambient temperature is set to T amb = 300 K. The natural convection between the plates is enhanced by an imposed flow due to exhaust gas extraction. Therefore, we set the convection coefficient to h = 15 W/(m 2 K) here, in line with the value reported in [3] .
Radiation loss from the surface to the environment of one plate is reduced by the presence of the parallel plate. As the set-up is in principle symmetric, the net radiative heat exchange between the plates is relatively small, but the heat loss from each surface to the surroundings is certainly reduced. This can be determined from the view factor for two parallel plates [9] . With the dimensions of the plates, the view factor is about 0.4 for the inter-plate distance of 30.5 cm and about 0.7 for the distance of 10.5 cm. The view factor to the environment, determining the radiative losses, equals 1 minus these values.
Therefore, we introduce a correction factor to the emissivity ε=0.9 in the heat loss term equal to F = 2/3 for the distance 30.5 cm and F =1/3 for the distance 10.5 cm. In general, the experimentally measured mass loss rate is followed quite well in the simulations. The second peak, while predicted too early and being too wide, is predicted in the simulations, with the correct peak value in the mass loss rate. The global level of mass loss rate is also correctly predicted. This goes hand in hand with an accurate prediction of the duration of the pyrolysis process. In the simulations, the process stops suddenly, at the moment where the pyrolysis front reaches the back surface. In the experiments, this is a smoother transition. In the experiments, the total mass loss per unit area ranges between 8.7 kg/m 2 and 9.5 kg/m 2 for the dry samples and between 9.4 kg/m 2 and 10.2 kg/m 2 for the wet samples. In the numerical simulations, the total mass loss per unit area equals the product of the material thickness and the difference between initial density and char density. This yields 9.1 kg/m 2 for the dry samples and 9.8 kg/m 2 for the wet samples.
The evolution of the mass loss rate strongly depends on the chosen value for pyrolysis heat, as is discussed next.
Sensitivity analysis
The sensitivity of the simulation results for mass loss rate to four model parameters is The effect of all other parameters is much smaller. Obviously a lower emissivity value leads to higher mass loss rates, as this factor is merely a loss term in the boundary conditions (1). Note that we assume the imposed heat flux ' ' ext q as absorbed by the material constant here, which need not be true. If this were also considered, the effect of emissivity is smaller, and even in the opposite direction, as also less heat is absorbed, applying Kirchhoff's law.
The effect of the convection coefficient (bottom left picture) is only seen at the onset of pyrolysis. A higher value for h results in more heat loss at the front surface, so that the heat-up phase takes longer. As the material inside is then also already heated up more, the pyrolysis front moves faster during the early stages, leading to a higher first peak value in the mass loss rate. After a very short while in the pyrolysis process, the convection term becomes very small compared to all other terms, so that the effect of h becomes negligible.
The effect of the flame heat flux (bottom right picture) is visible, but not dominant. For obvious reasons, the mass loss rate increases and the pyrolysis stage becomes shorter as the flame heat flux increases.
Vertically upward flame spread
The set-up has been described in section 2.3. Figure 5 shows the visually observed evolution in time of the flame height, along with a possible parabola fit. The flame height was visually determined as the vertical position where there is a 'persistent flame'. It is important to note that during the early stages (t < 250 s and t < 60 s, respectively), the parabola is below the actually measured curve, while later it is above the curve. This is reflected in the results, as explained next. -1D cone calorimeter set-up for dry and wet MDF samples; -2D vertically upward flame spread for a parallel particle board plates set-up.
The simulation results are in general in good agreement with the experimental observations, provided the boundary conditions, material properties and model parameters are well-defined.
For the 1D set-up, a sensitivity study revealed the importance of the value for the heat of pyrolysis, while the influence of surface emissivity, convection heat transfer coefficient and flame heat flux is less pronounced.
For the vertically upward flame spread set-up for two parallel particle board plates, a physical explanation for the boundary conditions was given. In particular, the importance of re-radiation and the lack of oxygen to immediately combust the pyrolysis gases in between the plates were mentioned. Different stages, as observed in the simulations, were explained.
The importance of the accurate knowledge of flame height evolution in time was
illustrated. The quality of the results indicates that, provided the flame height and corresponding heat flux are known, the present pyrolysis model can be used to simulate vertically upward flame spread in a parallel plate configuration. Table 1 . Model parameters and material properties for the cone calorimeter set-up for medium density fibre (MDF) board. 
